The abdominal and pelvic viscera are innervated by the vagaL splanchnic and pelvic nerves. It is estimated that these nerves have afferent:efferent fibre ratios of 9:1, 3:1 and 1:1, respectively. Despite this numerical preponderance of sensory fibres, the roles of the visceral input remain rather vague.
The abdominal and pelvic viscera are innervated by the vagaL splanchnic and pelvic nerves. It is estimated that these nerves have afferent:efferent fibre ratios of 9:1, 3:1 and 1:1, respectively. Despite this numerical preponderance of sensory fibres, the roles of the visceral input remain rather vague.
Visceral sensory mechanisms are investigated by applying different kinds of stimulus to specific visceral structures and recording the evoked responses. The problems arising from this are that the common forms of stimulation (e.g. distension) excite more than one kind of receptor, and that one receptor type may be excited by several unrelated kinds of stimuli. The magnitude of these problems depends upon the methods of recording the evoked responses, which fall into three groups: (i) descriptions of conscious visceral sensations in man; 00 studies of reflex responses in experimental animals; and (iii) electrophysiological recording of the nervous activity in afferent visceral pathways. Only the last-named methods are capable of differentiating between the responses of different kinds of receptor and of circumventing the problems. The present review will be confined therefore largely to a discussion of the results arising from the use of electrophysiological recording techniques. However, the results obtained under the above three headings are complementary. Whilst the electrophysiological techniques demonstrate receptor responses, sensory descriptions and reflex studies are necessary for determining the functional significance of changes in visceral afferent nerve inputs made evident by the electrophysiological recordings.
The present paper up-dates an earlier review (Leek, 1972a ). An arbitrary new classification of receptors is given, based on the tissue level of their occurrence. This is a convenient device to overcome some of the anomalies of the older classifications. As yet, unfortunately, there are no convincing grounds for considering that the receptors whose properties have been elucidated electrophysiologically are represented by the available histological descriptions of sensory nerve-endings.
Mucosal and Epithelial Receptors
Definition. Mucosal receptors lie in or immediately below the mucosal epithelium of the stomach and small intestine.
Epithelial receptors lie in or immediately below the stratified squamous epithelium of the ruminant forestomach. Mucosal and epithelial receptors exhibit the properties both of rapidly adapting mechanoreceptors and of chemoreceptors. Receptor activity is abolished by excision of the mucosa or of the epithelium.
Location. These receptors have been described in the stomach and/or the small intestine of cats (Iggo, 1957a; Paintal, 1957; Davison, 1972) , rabbits (Andrews & Andrews, 1971) , sheep (Harding & Leek, 1972a,b; Leek & Harding, 1975) and rats (Clarke & Davison, 1974) . The greatest numbers of mucosal receptor units have been found innervating the pyloric antrum of the stomach, where the receptive fields were roughly circular with a diameter of about 25 mm. The fields could be plotted by using fine movements of a lightly held paint brush or by applying silver electrodes to the mucosa and giving threshold stimuli. After removing the mucosal tissues covering a receptive field to a depth not greater than the muscularis mucosae, each unit was inexcitable by mechanical or chemical stimuli, although electrical stimuli were still effective. The fact that chemical stimulation was rendered ineffective was taken by Iggo (1957a) to indicate that the chemical stimuli were acting through a receptor mechanism rather than producing an effect by a non-specific or traumatic effect on nerve fibres. Local anaesthesia of the mucosa abolished responses to mechanical and chemical stimuli.
In the reticulum (a forestomach compartment of sheep) the receptors were often confined to the conical papillae surmounting the hexagonal ridges characteristic of the luminal surface. A typical receptive field involved about 30 papillae distributed over 5-8 ridges which were not necessarily contiguous; this meant that the terminal part of each afferent fibre underwent considerable branching (Harding & Leek, 1972b; Leek & Harding, 1975) .
Histological examination of excitable conical papillae, using Holmes' silver stain, demonstrated the existence of a fine centrally placed nerve fibre giving many terminal branches which appeared to end near the basement membrane (Leek, 1972b) . It requires electron microscopy to determine whether the endings penetrate the basement membrane or have specialized structures around them. Taking the latencies of response for test solutions of hydrochloric and acetic acids together with the diffusion coefficients of these adds, a receptor location up to 200 um below the luminal surface was deduced (Harding & Leek, 1972a) . Histologically this would correspond to the region of the basement membrane in the reticulum and of the base of the gastric pits in the sheep's abomasum and cat's stomach. In small animals, such as rats, in which the gastric pits are shorter, briefer latencies and greater efficacy with the higher-molecular-weight acids might be expected.
Innervation. The unitary discharges arising from mucosal receptors have all been recorded in nerve strands dissected from the cervical vagal nerves. The conduction velocities were 0.5-5 m/s, with higher velocities observed in the cervical region than in more peripheral parts. From this it is concluded that fibres in the cervical region were finely myelinated and that the myelination was reduced or lost near to their distal extremities.
Mechanical sensitivity. Under experimental conditions in anaesthetized cats (Iggo, 1957a; Davison, 1972) , sheep (Harding & Leek, 1972a) and rats (Clarke & Davison, 1974) , gastric mucosal receptors had no resting discharges. Spikes were readily elicited by stroking the mucosa very lightly. Steady-pressure applications or incremental distension gave an "on/off" response typical of rapidly adapting mechanoreceptors. The threshold force for an " on " response was estimated .to be ISOmg weight by Davison (1972) . No discharge was elicited by firmly stretching, compressing or distending the stomach wall or during forceful spontaneous or induced contractions of the empty stomach. Similar results were obtained by Harding & Leek (1972b) from epithelial receptors in sheep's reticulum and rumen, except that during extreme passive distension and during forceful spontaneous contractions with a balloon filling the entire lumen, persistent irregular discharges were recorded. Presumably the slight movements of the reticular wall against the static surface of the balloon were sufficient to elicit activity in these low-threshold epithelial receptors. Persistent discharges under these rather extreme conditions should therefore not invalidate the concept of these receptors exhibiting the properties of rapidly adapting mechanoreceptors.
A re-appraisal of the results obtained from intestinal units accords with the conclusion that they have properties similar to those of the gastric units and respond as rapidly adapting mechanoreceptors (Paintal, 1957; Andrews & Andrews, 1971; Davison, 1972; Harding & Leek, 1972a) .
Chemical sensitivity. There is over-all agreement that mucosal and epithelial receptors may give slowly adapting responses to certain chemical stimuli in addition to the rapidly adapting responses to mechanical stimuli described above. The conclusions of the early investigators are widely divergent, because they were examining mucosal receptors in different locations, in different species, using ranges of chemical test solutions that were not comparable and using equipment that was not sufficiently sensitive to give good unitary records from such small-diameter afferent nerve fibres as those innervating mucosal receptors. However, the early results show few discrepancies from recent results, so it seems that it is only the early conclusions that need to be questioned.
Many of the tested mucosal and epithelial receptor units responded when acidic solutions were made to flow across the intact mucosal and epithelial surfaces covering the receptive fields (Iggo, 1957a; Andrews & Andrews, 1971; Davison, 1972; Harding & Leek, 1972a,b) . In order to determine what property of the acidic test solutions is effective, Harding & Leek used a range of acids, similar to that employed by Hunt & Knox (1969 in test meals designed to elucidate gastric emptying mechanisms in man. There was a remarkable correspondence between the results of Hunt & Knox and the responses both of mucosal receptors in the pyloric region of sheep's abomasum and of epithelial receptors in sheep's forestomach, i.e., the efficacy of the acidic solutions was related directly to their titratable acidities (irrespective of their pH value) and inversely to their molecular weights. Equimolar solutions of weak acids, buffered or unbuffered, were equally efficacious even though the hydrogen ion concentration might be 100 times less (i.e., 2 pH units more) in the buffered solutions (Leek & Harding, 1975) . Acids with higher molecular weights, besides having higher threshold concentrations, excited at longer latencies after application of the test solution (Table I) . These results, taken with published diffusion coefficients for some of the acids, led to the conclusion that the receptors lay about 200 (im below the Iuminal surface and were excited when the acids had diffused this distance in the form of undissociated weak acids or of hydrogen ion-anion couples. Free hydrogen ions were The adds are lined In ordtr of thtlr moltcular weights. This order colnddu with their efficacy as indicated (i) by the order of mean threshold concentrations, measured as the effective concentration necessary to exdte 50% of the units tested (EGp) and (li) by the latency between applying a test solution and obtaining a response. The pH values of the test solutions show no corresponding order, and buffered and unbuffered acetic add solutions ( *) were equally effective, despite a 100-fold difference in their hydrogen Ion concentrations. Strong adds mixed with NaCI (t) behaved as HO, the hydrogen ions seemingly forming a " couple " with the more diffusible chloride Ions. Increasing the osmolarity of the NaCI solutions shortened the latent period.
The majority of units were tested with HCI and NaOH and gave positive responses to both chemicals. The other solutions were not tested on all the units. This table gives unpublished data on which the conclusions of Harding ft Leek (1972a) were based not diffusing, so the pH of the test solution was no indicator of its efficacy. The large-molecular-weight acids excited at longer latencies and higher thresholds because they diffused less rapidly and would be subjected to more neutralization by the tissues intervening between the lumen and the receptor sites. Using rats, Clarke & Davison (1974) have found that a range of acids shows fewer differences than are seen in sheep. This might be because the receptors lie more superficially, so that the diffusion path would be shorter. It now seems, therefore, that the earlier idea of mucosal receptors acting as "pH receptors" (Iggo, 1957a; Andrews & Andrews, 1971; Davison, 1972) is no longer tenable.
When alkaline test solutions are applied over the receptive fields of mucosal and epithelial receptors, the majority respond. In the earlier studies on the gastric mucosa of cats (Iggo, 1957a; Davison, 1972) , it was reported that alkali-sensitive receptors did not respond to test acids, and vice versa with acid-sensitive receptors. In later studies on sheep's forestomach and abomasal receptors, Harding & Leek (1972a,b) showed conclusively that the majority of individual mucosal and epithelial receptor units were excited both by acids and by alkali. A similar result has since been obtained from gastric mucosal receptors in rats (Clarke & Davison, 1974) . At present it is not clear whether the findings in cats represent a real species difference or a technical artefact, arising possibly from the use of test solutions too close to the mean threshold concentrations necessary to excite the receptors.
In sheep both mucosal and epithelial receptors were excited by water and hypotonic solution and by hypertonic solutions of sodium chloride or sucrose (Harding & Leek, 1972a,b) . These responses were obtained from the same units as had responded to acids and/or alkali, but there was an important difference. Whereas the latency of response to acids and alkali was quite predictable and repeatable (as it was related to the molecular weight of the test substance), the latencies of response either to hypotonic or to hypertonic solutions were highly variable. In serial tests on the same unit, the latencies ranged haphazardly from a few seconds to about one minute. No explanation for this variability is yet available. Gastric mucosal units in rats also responded to hypotonic and to hypertonic test solutions (Clarke & Davison, 1974) . These observations call for a review of the conclusion of Paintal (1957) that the intestinal mucosal receptors were associated with the muscularis mucosae because hypertonic sodium chloride evoked receptor activity coincident with movement of villi. Ruminant epithelial receptors respond to hypertonic saline even though no muscularis mucosae is associated with the conical papillae containing these receptors.
Many other chemicals tested on mucosal receptors gave no response. In cat's stomach, these chemicals include peptones, oleic acid, bile, mustard and intravenous phenyl diguanide (Iggo, 1957a) and, in sheep's forestomach, histamine and serotonin (R Harding and B F Leek, unpublished observation). In view of the sensitization of the peristaltic myenteric reflex produced by serotonin (Biilbring & Lin, 1958) , the ineffectiveness of the latter was surprising.
The receptor zone of the sensory nerve-endings is considered to be sensitive both to chemical and to mechanical stimuli, although a transducer mechanism to account for such dual sensitivity has not yet been characterized.
Functional role. In the non-ruminant stomach, mucosal receptors might serve as sensors of the texture, the acidity and the osmolarity of the stomach contents. Thus, if the mucosal receptors in the pyloric antrum and in the proximal duodenum were to have a reflex inhibitory effect on the motility of these regions, gastric emptying would be delayed by gastric contents which were (i) inadequately fluid in consistency, (ii) highly acidified during the peak phase of gastric secretion, and (iii) subjected to a major shift in osmolarity, for instance after sudden ingestion of a large volume of water or of a high salt load. Iggo (1957a) has also suggested a role for mucosal receptors in a feedback loop system for the regulation of gastric acid secretion. All in all, the gastric mucosal receptors may have an important role in optimizing gastric activity prior to intestinal digestion.
In the ruminant stomach, excitation of epithelial receptors in the reticulo-rumen and of mucosal receptors in the abomasum affected neuronal activity in the paired gastric centres of the medulla oblongata (Harding & Leek, 1972c . Inhibition of forestomach motility resulted from excitation of reticulo-ruminal epithelial receptors by mechanical stimuli (Harding & Leek, 1972c) and by acids (e.g. Ash, 1959; Upton etal. 1976) . Conversely, enhancement of forestomach motility results from excitation of abomasal mucosal receptors (Titchen, 1958; Harding & Leek, 1972c) . The results of Bell & Mostaghni (1975) on gastric (abomasal) emptying rates in calves may be reinterpreted to support the view that solutions of high and of low osmolarity infused into the proximal duodenum delayed emptying as a result of mucosal receptor excitation.
Tension Receptors in Visceral Muscle Layers
Definition. The current criteria for "tension receptors" are (i) that they are slowly adapting mechanoreceptors giving a spike discharge related to the tension prevailing in the muscle layers of the viscus, (ii) that they behave as if they were located "in series" with smooth cells, i.e., an increased discharge arises actively (during isometric contraction of the viscus) and passively (during distension of the viscus), and (iii) that they are unaffected by a change in shape of the viscus not accompanied by a significant change in tension (during an isotonic contraction).
Location. Evidence of tension receptors has been obtained from the stomach and small intestine of cats (Paintal, 1954; Iggo, 1957b Iggo, , 1958 and of rats (Clarke & Davison, 1975 , the forestomach compartments of sheep (Iggo, 1955; Leek, 1969a) and the bladder of cats (Iggo, 1955) .
The receptive fields of tension receptor units had diameters of about 20 mm. They were delineated by manual exploration and electrical stimulation of the visceral wall. Responses were not abolished by excising or anaesthetizing the overlying mucosa; this indicated a deeper location than for mucosal and epithelial receptors. Tension receptors have not been identified histologically.
Innervation. Unitary records have been obtained from the cervical vagus and the pelvic nerves. The fibres tend to be finely medullated at the cervical level and non-medullated in more peripheral regions, giving mean conduction velocities of < 1.3 m/s in cats (Iggo, 1957b (Iggo, , 1958 ), <lm/s in rats (Clarke & Davison, 1975) and «12 m/s in sheep (Iggo, 1955; Leek, 1969a) . When records are made from vagal ganglion cells, using microelectrodes, a much larger proportion of entirely unmyelinated axons is observed (Mei, 1970) . Results from both the "single fibre" and the "microelectrode" techniques therefore suggest that the majority of visceral afferent nerves are unmyelinated in the region of the receptors.
Mechanical sensitivity. Paintal (1954) recorded the response of "distension-sensitive" receptors in cat's stomach. Distending a balloon in the stomach evoked an initial, dynamic response, during which the spike frequency was related to rate of distension, and a later, static response, during which there was a slowly adapting or non-adapting spike discharge with a spike frequency directly related to the level of the maintained distension. The discharge stopped momentarily when distension was removed. These responses to distension have since been demonstrated for tension receptors in other viscera and so appear to be general properties. Iggo (1955 Iggo ( , 1957b demonstrated that the distension-sensitive receptors were also excited by visceral tension developed actively during spontaneous and experimentally induced contractions of the visceral muscle of the stomach, of the intestine and of the bladder. Comparisons of the receptor responses were made under two different recording systems, viz. an isometric system, under which the contraction caused a large rise in tension with negligible reduction in volume, and an isotonic system, under which the contraction caused a large reduction in volume with negligible rise in tension. With the isometric system, visceral contraction evoked a large increase in the afferent fibre discharge whereas, with the isotonic system, ABDOMINAL AND PELVIC VISCERAL RECEPTORS B FLeek the afferent fibre discharge showed only a slight, transient increase. By analogy with the situation in skeletal muscle (Matthews, 1933) , Iggo concluded that these receptors (and Paintal's "distension-sensitive" receptors) were tension receptors, which responded as if they were in series with the contractile elements (smooth-muscle cells) of the visceral muscle layers. Similar results have been obtained from sheep's reticulo-rumen (Leek, 1969a) and abomasum (Harding & Leek, 1972c) and from rat's stomach (Clarke & Davison, 1975 .
In the sheep's reticulum, which is not as distensible an organ as the non-ruminant stomach or the bladder, much or all of the resting tension occurring between major (extrinsically activated) contractions appeared to be due to the elasticity of the noncontractile material in the walls of the viscus and therefore to be in parallel with the contractile elements (smooth muscle). Transient rises in tension receptor activity could be provoked by giving a-adrenergic drugs or parasympathomirnetic drugs. Conversely, agents that caused the relaxation of smooth muscle, e.g. {J-adrenergic drugs and pyrogen, resulted in the tension receptor activity being diminished, whilst the reticular tension (as measured by an intraluminal balloon and pressure transducer) did not appear to change (Leek & van Miert, 1971) . This example illustrates the danger of using pressure measurements to predict tension receptor activity, unless it is known to what extent the contractile components and the in-parallel non-contractile components of the visceral wall contribute to the measured intraluminal tension. Changing circumstances may change the magnitude of the relative contributions.
Functional role. Tension receptors are envisaged as sensors of the volume or the degree of filling of the viscus and as sensors of the extent to which a contraction of the viscus has been effective in moving or expelling its contents.
As sensors of the volume of gastric and intestinal contents, tension receptors have been implicated in vagovagal receptive relaxation of the stomach (Jansson, 1969) and in postprandial satiation behaviour (Paintal, 1954) . Gastrointestinal distension utilizing both vagal and splanchnic afferent pathways has been shown to affect neuronal activity in many regions of the brain (see review by Newman, 1974) . The main problem in regarding tension receptors as monitors of visceral volume is that the relation between tension receptor activity and visceral volume is not fixed. Nervous and humoral factors that affect smoothmuscle tone will obviously affect the relation by virtue of the in-series location of the receptors. A secondary problem is that the rate of filling of a viscus may be a more important stimulus parameter than the degree of filling.
Tension receptors in the bladder are considered as monitors of bladder volume. Thus they would be involved (i) in the receptive relaxation attributable to the bladder-filling reflexes and (ii) in the bladder-emptying reflexes and in the exaggeration of these reflexes if the urethral outflow be obstructed (Mellanby & Pratt, 1940; Iggo, 1955) . Although the volume at which bladder rilling switches to bladder emptying is known to be determined largely by the state of the central nervous system (CNS), the switching-point is affected by conditions in the bladder likely to modify tension receptor activity, e.g. nervous and humoral factors affecting bladder muscle tone and the relative rate of bladder filling. Bladder distension, experimentally, also elicits a wide-spread variety of cardiovascular adjustments. The relative importance of pelvic and hypogastric nerves and of connexions in the CNS is extensively reviewed by Newman (1974) . It is important to emphasize that bladder distension as a stimulus is not confined to the excitation of tension receptors alone.
Tension receptors in the reticulo-rumen of sheep act as monitors of resting volume and of the efficacy of contractions to expel the contents. The effects of different levels of tension receptor inputs on gastric centre activity (Harding & Leek, 1973) , on efferent gastric vagal nerve activity (Iggo & Leek, 1967) , and on the reflex consequences are discussed at length elsewhere (Leek, 1969b (Leek, , 1972a Iggo & Leek, 1970; Leek & Harding, 1975) .
Serosal Receptors
Definition. In this review, the term "serosal receptors" is used to describe slowly adapting mechanoreceptors lying either in the mesentery or under the serosa of a viscus near to its mesenteric attachment.
Location. Typically, the receptive fields of serosal receptors were located at the visceral attachment of the mesentery although, occasionally, some fields lay wholly within the mesentery and other fields appeared to include the wall of the viscus. Usually, a field consisted of one to six mechanically sensitive points situated near the branchings of the mesenteric and other corresponding arteries. Serosal receptors have been demonstrated in association with the small and large intestines, the bladder and the uterus.
Innervation. Serosal receptor responses have been recorded from fibres dissected from uterine, mesenteric, hypogastric and lumbar splanchnic nerves. Conduction velocities of 0.5-24m/s have been recorded and, once again, there is evidence of tapering, so that fibres that are finely myelinated at the central end are non-myelinated peripherally.
Mechanical sensitivity. Bower (1959) recorded nervous activity in fine uterine nerve branches of the broad ligament. Steady pressure applied to the ligament evoked a slowly adapting discharge. Light touch elicited a transient discharge, indicating that the receptors had a low threshold for mechanical stimulation. Bessou & Perl (1966) described four mesenteric nerve units which discharged briefly in response to movement of the mesentery and to distortion and balloon distension of the small intestine. Similar units have been described in extensive investigations by Morrison (1973) , Floyd & Morrison (1974) and Floyd et al. (1976) , using cats, dogs and sheep. The receptors were also excited by visceral contractions occurring spontaneously or induced either by electrical stimulation of the motor nerves or by bradykinin. In all these respects, the discharges resemble those given by tension receptors described in section 2, and Floyd et al. have therefore questioned the validity of the in-series location of tension receptors in general. This argument involves disregarding an important criterion for tension receptors, viz., that the receptor activity is unaffected by a change in shape of the viscus not accompanied by a significant change in tension (e.g. during an isotonic contraction). This criterion has been met for the tension receptors (Iggo, 1955; Leek, 1969a) , but Floyd et al. have not examined this aspect of the serosal receptors. Indeed, in so far as Floyd et al. claim that the serosal receptor discharge that occurs during an isometric contraction may be attributable to the distortion of the mesentery associated with a change of bladder shape but not of volume, it is to be expected that an even greater distortion would occur during an isotonic contraction and give a much enhanced receptor discharge. This result would be quite contrary to those obtained from tension receptors.
Functional role. Bessou & Perl (1966) suggested a "flow receptor" role for the serosal receptors, since the discharge was most pronounced when there was a flow of intestinal contents. Floyd et al. (1976) have drawn attention to the many similarities of sensory receptor properties to those of tension receptors. From this one may postulate that serosal receptors could indirectly monitor visceral "fullness", in so far as this may lead to distortion in the shape and in the position of the viscus and therefore of its mesenteric attachments. Despite their proximity to arteries, a role related to blood-flow monitoring is not considered likely at present.
Otber Receptors
Pacinian corpuscles. These and smaller paciniform corpuscles abound in the mesenteries. These corpuscles contain rapidly adapting mechanoreceptor endings. They give a typical low threshold " on/off" response to steady pressure and they are capable of following high-frequency mechanical stimulation. Their physiological properties are described extensively elsewhere. Because of their extremely high sensitivity to mechanical vibration, their total afferent input to the CNS must be enormous, but their role is largely an enigma. The smaller paciniform corpuscles in the mesenteries have been implicated in the regulation of blood flow in the splanchnic area (Gammon & Bronk, 1935) and those in the connective tissue surrounding the urethra responded to turbulent flow (Todd, 1964) and were considered to contribute to the reflex reinforcement of bladder-emptying mechanisms consequent upon relaxation of the bladder sphincters (de Groat & Ryall, 1969) .
Pain receptors. Despite the commonness of visceral pain and its importance in clinical diagnosis, no definite electrophysiological or histological evidence of pain receptors exists. Observations on reflex responses to visceral stimuli in experimental animals (Downman et al. 1948 ) and on the sensations of fistulated and conscious laparotomized humans demonstrate that the stimuli that are likely to be sensed as painful when applied to the viscera are quite different from those evoking, for instance, cutaneous pain.
Conditions causing painful visceral sensations are discussed at length elsewhere (e.g. Leek, 1972a) . Briefly, these conditions can be considered under five main headings: (i) irritation of the mucosa or of the serosa; (ii) torsion or traction on mesentery; (iii) gross distension of a viscus; (iv) forceful contractions of a viscus; and (v) contractions of a viscus containing immovable contents (i.e., impactions). It may be significant that, whether or not pain receptors as such exist, all the above conditions would be expected to evoke greatly increased activity from the mucosal and epithelial receptors, tension receptors and serosal receptors. This suggests that abnormally great activity arising from these receptors may either signal" pain " centrally or produce humoral substances (e.g. substance P, bradykinin) near the receptor site by an axon reflex mechanism. These humoral substances may, in turn, excite nociceptive fibres (Potter et al. 1962 ).
The Afferent Input
A coded input ? The simplistic view that one kind of stimulus excites one kind of receptor is erroneous; several kinds are excited. Furthermore, one kind of receptor may be excited by several kinds of stimuli. Thus a visceral stimulus that evokes a particular reflex response or conscious sensation may be the consequence of exciting a particular permutation of receptor types. This is analogous with the situation in the visual system by which light of a single wavelength in the yellow range excites green-sensitive and red-sensitive cones. The admixture of the inputs, being a form of code, gives rise to the sensation of "yellow". The existence of such a coding system provides for great economy of receptor types, as all the wavelengths in the visual spectrum are sensed as a result of the permutated or coded inputs from just three different colour-sensitive receptor types. By analogy one can hypothesize that the sensory quality of "fullness" may be signalled by increased activity from tension and serosal receptors, that "flow" may be from mucosal and serosal receptors and that "impaction" may be from tension receptors. These examples emphasize that a sensation or a reflex response may in the visceral system depend on a combined input from different types of receptor rather than upon very precise matching between particular receptors and particular qualities of sensation.
Its central projections. The visceral afferent input mainly utilizes pathways in the vagal, splanchnic and pelvic nerve trunks. In addition, some receptors in mesenteries are innervated by branches of segmental skeletal nerves. By visceral stimulation or by electrical stimulation of afferent visceral nerve fibres, it has been possible to demonstrate projections to most of the principal anatomical regions of the brain (see the major review by Newman, 1974) . In sheep, forestomach motility depends on rhythmical efferent nervous discharges arising from "gastric centres" located in paired regions of the medulla oblongata. In these centres, afferent inputs from different receptor types have been shown to synergize with or to inhibit each other and, by projecting in part to the contralateral centre, to help synchronize neuronal activity in the left and right centres (Harding & Leek, 1973) .
At present the afferent input recordable from visceral nerve fibres does not seem to have a common origin with the receptor activity postulated for the myenteric (peristaltic) reflex. Btllbring & Lin (1958) have shown that serotonin exerted pronounced effects on the myenteric reflex, probably by sensitizing the receptors innervated by the submucous plexus neurones. In contrast, serotonin has not been shown to be effective in exciting mucosal and epithelial receptors (Iggo, 1957a; Harding & Leek, 1972a) .
Epilogue
The vagueness of visceral sensations and visceral reflexes has been attributed to convergence of visceral afferent inputs in the CNS. To this explanation must be added an apparent economy in visceral receptor mechanisms, so that each receptor type is activated by a variety of visceral stimuli, and a likely confusion caused by each form of experimental (and, probably, natural) visceral stimulus exciting more than one receptor type. It follows from this that the organization of visceral sensibility may be considered as being less concerned with quantitatively monitoring physicochemical conditions in the viscus than with assessing the physiological state of the viscus. For example, the " fullness of a viscus " may be expressed in physical terms as the volume of the contents but, in psychological terms, "fullness" may be a composite quality depending not on the ABDOMINAL AND PELVIC VISCERAL RECEPTORS BFLeek absolute volume of the contents but on the rate of change of volume, the tonic state of the visceral muscle, the texture and chemistry of the contents and the extent to which the contents displace the viscus on its mesenteric attachments. Such possibilities illustrate the difficulty of defining and of quantifying a visceral stimulus.
